


The PDP~n Floating Point Unit 






PDP-11A0 Tschnlcas fvlamo H\ 



35 



Authors: 
Date: 
Revision: 
Index Key: 



Distribution: 



Ad van de Goor, Len Hughes 

tih^ucxy 1971 

No. 2 ' ' Obsolete: 23 and 23A 

Floating Point Instructions 
Virtual Address Space 
Physical Address Space 

Bus Option 
Internol Option 

PDP" 11/40 V/orkIng List 

ABSTRACT 




The pm-poza of this mer^io is to describe the naturci of the Floating Point Unit "FPU". The FPU is 
designed to be c; Unibuis option for tha 11/05 and the 11/20. For the V\/AQ, the FPU is planned 

to be on internoi option. 

The FPU is CQpabb of executing single Qr\6 doubie precision (I.e. 32 and 64-bit) fioatlng point 
instructions and is capable of reading end writing its own operands from and into memory. Onca 

an FPU instruction has b<ien started, it can continoe without CPU intervention, leaving the CPU 

free to execute other (i.-a. non-FPU; instructions. 

0.0 INTRODUCTIOM ' 

The position of the PDP-11 in the market is such that some floating point arithmetic capa- 
bilities are very desirable, if not necessary. Considering th© complexity, and therefore 
the price of a floating point unit "FPU", It should be available as an option only. 

Somg questions to be answered concerning the FPU option are llstii^d below end ©iaborated 

on in the fol sowing sections. 

V 

1) Internal versus Bus Option 

2) FPU - CPU interaction 

3) The FPU's Instruction and Data Formats 

4) The FPU's Instruction Set 

1.0 INTERNAL VERSUS BUS OPTION 

The FPU Is thought of as a fairly independent processor, i.e. when started it is supposed to 
finish the instruction independent of the CPU. This includes reading and writing dpto from 
and into memory. Therefore, the FPU has to be connected to the bus. 



^' '"' Ejecouse fne 1 1/40 wit have two frsesT^ory buses (i .e. g fast synchronous ona end the ^ 
asynchronous Unibu^) sr should or best be conni^ctab^e to rha Unlbus in order to make ir 
acceptcbiii for the 11/50 end ■£ 1/20. ■ 0310^; 

The nexr question to be solved in this section ,1s whether vhs FPU shouH operove in virtue! 
or physical address tpoce. Figure 1-1 ahov/i> the configuration -wr-'n ths -r-u operating tn^ 
virtual Gddress space. In Figure 1-2 tha FPU operatei In physico! aaareis .pace. 

The virtual address space is dstined os the oddresa spcce the user runs in; the physical 
address space is defined as the set of core locotions actucUy oddressed. ^or a machine 
which does not have address mopping (e.g. relocate protect) the virtual odaress space 
is identical to the physical address space. 

Looking ct the solution of Figur® 1-2, the following comments ccn be made: 

1) The addresses ot the operands have to ha passed to the FPU as physical addresses. 
Looking ct the Rebccte Protect option, this mecns that Iv should recognize cerra in 
FPU addresses and not relocate them. Insread, it should tcke the data (on^The acta ^ 
lines) which contain the virtuai cddress and relocate it ce if it were an address. This 
requires special controk and data paths in the relocate protect option. 

2) The Relocate/Protect option might have Read/Write protect bits which might have to 
be duplicated in the FPU, or^the RelocGte/Protect option has to have knowleage rele- 
vant to the use of the virtual addresses it relocates. 

3) In case of the modes (R)+ or -(R) address violations can occur which can be detected 
with difficulty by the Relocate/Protect option. 

The solution of Figure 1-1, i.e. let the FPU operare in virtual memory,_ has none of ^e °bove 
disadvantages. In Figure 1-1 it is treated in the same way as the L.S'U tor wnicn rhe Relocate/ 
Protect option is designed. Clearly, from the above it can be stated that the rPU snou.c operote 
in virtual space. 

Because of mechonicoi limitations and restrictions on the, fast bus, it is most desirable that the 
FPU take up no more than one system unit if the solution of Figure 1-1 is impEementea. 
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i-1 Configuration wiirh FPU 



Operating In VIRTUAL, Address Space 
(Presuming an optisn-col lector i'hternas bus.) 
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Figure 1-2 Configuration with FPU Operating in 

PHYSICAL Address Spoce 
NOTE: ^^^F^^ = Virtual Address Lines 
— ^ — = Physicaj Address Lines 



-3- 



;2.0 FPU-CPU INTERACTIO N ■ 0312' 

Becauitt thi FPU wtH b^ en indcpondinr processor, '/> h j^w^iiibie to allow Ir ro vinisH a 
started InsvrucHon Sncispondeni- of tha CPU. This auows the CPU to be iiand^ed in either 
of two ways . 

1) The CPU IS decicred busy whsio vhe FPU carHsi out its operanon. jrhls rvas the advani- 
ags i-hGv ir wouici dererlorcite i'he inteosjot response time (because fioGving point opera- 
tions v^ana to take a relctlveEy long execution time). It also prohibits the CPU from 
executing other, i.e. non-floating, instructions. 

2) Allow the CPU to continue executing non-floating instructions once the FPU is set up 
(i.e. ready to start executing). This aisows the CPU to carry out subscript computation, 

etc. , in pcraild with the exocution of ths f beting point instruction thus improving the 
ovtii'cii axiicuvion fma. This methoa h sslecvtid bcrcausc- of Its; dsscrsoed advantcges. 

becouse the FPU is a bus option on the U/Q5 and 11/^0,, the FPU OP code and the 
source Gddress have to be transferred to the FPU, The FPU-CPU interaction takes 
pbce for the 11/05, Vi/SO, end 11/40 cs d&ac^lbed in the next sections. 

2.1 FPU-i V^C INTERACTION 

In previous mernos the FPU was octivcted by the 11/SO through c sequence of MOVjnstruc- 
tions, as described in Technical Memos 23 and 23-A. A typical sequence boked like the 
one given below for the cose of the instruction MULF A(Rx), AC1 

ADD *^A, Ri'C ; compute cddress . 

SUB FBR, PC ; test for FPU busy (FBR)=4 when FPU busy else jS' 

MOV PC, FPC ; save PC 

MOV Rx, FiR+FOC+AC ; move operand address and stort FPU 

The above sequence takes 8 words and has to be repsoted for ever/ FPU instruction of the 
above type. 

The new scheme requires that ever/ FPU instruction (like: MULF A(R2), ACl) is_ preceded 
by a JSR. The JSR allows the FPU to take control over the CPU. The FPU uses^the CPU 
for address corriputation, stock pointer adfustments, etc., and acts like a hardwired inter- 
preter. The jsk instruction has to be the following, "JSR R7, FPU" where FPU is an address 
in ths I/O area. An example of this is given below, (next page) 
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FPU: 



JSR R7, FPU 
MULF A(R2), AC1 



; typical col! sequence in 



■ MOV (R6) + ,FRA* 



^FRA) > FIR* 

(FRA) +2-:^ FRA 

MOV R2, FDA 
(FRA)+{FRA)-*>FDA* 
(FRA) + 2-».FRA 

2 or 4 data fetches 
MOV FRA, PC 



i" C! 



; users program 



the I/O address FPU contains 
"BR» when the FPU is busy 

otherwise it contains "MOV (R6) + ,FRA" 
When the fatter instruction is executed 
the return address is popped off 
the stack into the FPU's FRA register 
Ihe Instruction is fetched, under 
hardwore control, and loaded in the 
FIR register and FRA is incremented 
The CPU's register R2 is read 

; The index computation "A+{R2)" 
is done under hardware control 
and FRA is incremented 
Depends on the mode of the FPU 
0>ntroi is transferred back to the 
CPU while the FPU does the 
required operation 
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* FRA means Floating Return Address 

* FIR means Floating Instruction Register 

* FDA means Floating Data Address 
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A summary of rhs diffes-isnv CPU In^ivructlons I^^^ued by the FPU h glvon biicw . '^ 1 4 

This sequence of CPU Iniiructioni isJnterieoved v^ith FPU dcta foychss/storasi cione ur^dec coni-roi ||^ 

of the FPU hcrdwcre for areai-or ^rlcl^ncy. A complete FPU Instwcvlon excscution cycl<5 can be 
divided into 6 sub-cycbs as shewn In Figure 2-1 below- 

..• RrR7 , 



R=R7 

I 



A B CD E 

SEQUENCE FOR MOST INSTRUCTIONS 

_ Rji'R7 , 



-i 1 ' r 



R=R7 



A B . C D S 

SEQUENCE FOR CERTAIN CONVERT INSTRUCTIONS 

A = instruction Fetch 

B = Opsrand Addrei-s Computation, two fXiths depending on R=R7/R=/R7 

C = Data Fetches/Stores 

D = Transfer Contro; from FPU back to CPU 

E = Execution . -, . 

FIGURE 2-1, FPU instruction buDsequences 

Below is the sequence of FPU issued instructions and FPU octions which are required for the address 
computation and final execution of most FPU instructions. The capital btters preceding the sect.ons 

correspond to the subsequences of Figure 2-1 . 

A: rPU:^BR«' ; FPU busy loop ' ■ 

MOV (R6) -i-,FRA ; Get return address 

(Pi^^)_^FiR ; Get instruction, both parts 

(FRA) +2— >FRA ; done by FPU hordware 
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MO'DE (continuiid) 
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6 A(R) *■.■■ (?RA)-™y. FDA 

*(FRA) +(FDA)-^FbA 

7 §> A(R) *(^^(FRA)— > FDA . , 

*(FRA) +2~>FRA 
*(FRA) -f-(FDA)— >FDA 
*^(FDA)-^FDA 

These happen av priority <evei 7 ' . 

D. MOV FRA, PC ; transfer contros back to CPU 

; to execute non FPU initiated 

; , instructions 

c. hxecuti tne i-Pu instruction, i.e. perform the actual muitipiicatton/ etc. 

2.1.1 C?'J CONDITION CODES - 

i he Ci^'J conalnon coda bits C, N^Z, and V which existed just prior to the FPU Instruction, 
are desrroyiad. This is caused by the instructions the FPU issues to the CPU. 

The FPU has iti own set of condition code bits, "FC, FN, FZ, end FV" . These can be trans- 
ferred vo the CPU'a condition code bits under control of a specie! instruction Copy Fiooting 
Condition "CFCC" . 

2.1.2 PRIORITY LEVEL OF THE FPU 



On tha ! i/06 and the 1 1/20 the FPU will be a Unibus option. The priority level of the FPU 
wili he 7 . 

In order not to increase NPR latency, the FPU will monitor the NPR line and give up the bos 
between memory cycles. 

The 11/20 bus priority arbitrator requires a MSYN signal to transfer Bus Mastership between 
peripherak-. In certain special cases this could lead to the execution of an instruction be- 
fore the bus would be reerbitrated to another requesting device (e.g.. the FPU). The execu- 
tion of an out of sequence instruction would be in confilct with the correct operation of the 
FPU, as wiii be cbar from Section 3.0. This is prevented by "feeding" the CPU a "BR." 
instruction when the above condition occurs end the FPU is in control. - 



-8- 



When the CPi) wcnts io makii uae of the FPU, rha CPU's priority iev&l should be less vJO ib 

than 7 (i.a. PR<7). When PR=7^ rha FPU.v/iH not boi cbk to become bus master, be- 
cause ths CPU's PR=7 is coi^sid«r«;d to be higher. Th;s win cause rhe CPU to be In on 
infinite ioop exfiicuvins the "SR .'' Instruction as dascribed above, onca it tries to 
execute an FPU instmction, 

2.1.3 ALTERNATIVE FPU-i1/2Q INTERACTION 

The method ot Section 2 . 1 requires every FPU instruction to be preceded by a JSR. An 
alternctive method is to issue the FPU instruction "as is" and have a trap service routine 
to transfer control to the FPU, An example of such a routine is given beiow. (It should 
be noted thot all FPU OP codes start with a "17",) 

; Trcp service roytina to handle HrU Instructions 

SUB '*^2, @R6 } decrement saved PC 

CMP 'M700G00,<g/0 (R6) ; test -for FPU OP code 

BLO NOTFPU 

MOV (S>R6, -(R6) ; moke 3 top words of stack 

MOV 4(R6), 2(R6) ; FPU, PS and PC 

MOV R6, 4(R6) 

MOV '^FPU, <®R6 

RTI ; end of FPU trcp handler 

NOT FPU: ADD ^2, #R6 

2.1.4 INTERRUPTASILiTY 

A special deadlock condition can arise when the CPU is executing FPU supplied instructions 
and on interrupt occurs by a device which oi^io wants to make use of the FPU. At the time 
the CPU was executing FPU supplied instructions, it wcs considered "busy". The CPU 1$ , 
interruptcbfs st thot point beccuse it is runn'mt^ at a priority level iowar than 7. If the 
interrupting device would go off end use the FPU without testing, ih& CPU would start an 
infinite loop of "BR . '* instructions becouse the FPU was busy. 

This loop is executed at the p.r-iority ievel of rhe interrupting d&vlc!a. In order for the FPU 
to become free, it hes to continue supplying CPU instructions until subsequence D of Figure 
2-1 hos been completed, i.e. when the FPU dismisses the CPU. 

A special hardware aid is buHt into lihs FPU to discover this srcte. The FPU has a register 
called the Floating Interrupt Vector "FINTV" and a bit colled the Floating Interrupt CPU 
Dismissed "FICD" in the Floating Program Status "FPS" word. The FICD bit is set when 
ever c non-zero value i? loaded into FINTV. The operation is as follows: Whenever the 
subsequence D of Figure 2-1 is executed, and the FICD bit of the FPS is set, the FPU will 
cause an interrupt using as interrupt vector (FINTV). 

A possible routine preventing the deadlock making use of the above hardware, is shown 
on the next poge. This code is part of the interrupt service routine of the interrupting 
device which wants to use the FPU. 
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CMP R6, «'i72 ; did PC poirtr ?G FPU. 

BLO FPUFREE 

MOV FINTV, TcMP ; save old FINTV 

. MOV NSW.iNTV, FiNTV ; set .up now iriterrup: vector 

*MOV 2(R6), TEMPI ; savp oid PS 

*MOV NEW.PS,2(R6) ; install new PS 

gjl ^ ■ ■ ; dismiss current interrupt 

■ ; and start FPU 

FPU FREE SAVE FPU STATUS 
USE THE FPU 

MOVE TEMP, FINTV ; restore old FINTV 

*MOVE TEMPI, 2(R6) ; restore old PS 

i^Xj ; dismiss Interrupt 

It should be noted that any Inferrupf vector con be boded Into FINTV. If, for example, 
the interrupt vector of the interrupting device h loaded into FINTV, then upon the first 
RTI in the above code, the interrupt will be dismissed untii the FPU has dismissed the 
CPU. At that point, the FPU will request an interrupt with ihe Interrupt vector of the 
origlncl interrupting Qevice,.i.thus simulating the old interrupt. 

2,2 FPU-llA^S INTERACTION , 

The use of the FPU with the 11/05 is essentially the some as with the 11/20 except for 
the JSR preceding an FPU instruction, which is not required with the 11/05. The 11/05 
will execute code making use of the JSR, however, for compatibility reasons. 

When the 11/05 fetches an instruction which starts with a "17" (i.e. en FPU OP code) it 
will not trap, but execute the following sequence. 

TST FPU05 ; ^est is FPU is busy 

BEQ .-4 ; "Oop is busy 

MOV PC, FPU05+2 

MOV IR, FPU0544 . 

MOV FPU05-H5, ?C } start fetching instructions trom tne ffU 

The above sedusnce is. not executed with PDP-11 instructions os shown above, but in ^ 
11/05 micro code which is done at a much greater speed. This allows the FPU mstructions 
to be given without a JSR, thus eliminating the space and time consuming JSR and the 
Instruction Fetch subsequence "A" of Figure 2- j . 

*These instructions are only necessary when the FPU has to proceed with the interrupted 
instruction at a different priority level. 
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■2.3 FPU-il/4CINT£RACTiGH . 0318 

The FPU w^a be connected to rho 11/40 via c direct aet of wl:es rovher thc^n via the. 
Unlbus. This is required for xm proper cperotion of th^ ...Qrnentcrson opv.on, see 
Section 1.0. '• . ' 

The required odor... co;.puvcnon wlil be don. by the ^^/^^ ^^!'^^^^^^-.^^" ;^;^^°j;!;^„ 
tm FPU suoply ihe 11/40 with tbe instructions is thereby el.m.nGteo-^ha . 1^0 condition 
codes v/iU'not be effected by the FPU unless the instruction is o Cs-CC. 

When the U/4Q fetches an FPU Instruction, it te^ts if the FPU is busy w^ile it allows for 
Mgher priority bus requests. Once the FPU is free, the i i/40 will do the required 
ao'ress computation and notify the FPU. The FPU will then strobe m the "i^q^-^dj^^^^^^^ 

nam the 11^0^. Internal ragi.te. (^ike the PC, JR. etc.), do the -q-reo ooij. fe^e^ 
(stores from) into memory and albw. the VlAO LPU to proceaa wn^.e . ^xec.ies .he YfO 
instruction. 

3.0 TH E FPU's INSTRUCTION & DATA FORAAATS. 

The F PU has, except for its scratch, oddress end status regi^er., 6 9^^^^"^^^^;^;^ 
registers coibd Accumulotors "AC's" . They are named ACP tnrough Av^ end a a mier 
pited to be 32 or 64-bits Ions ^-P^-^ing on the instruction . in cc^e of c -f-b t .n^- 
Hon, only the top (i.e. lefv most) 32-bits ore useo, wh.ie the remaining (i.e. right .32- 

bits) of the AC remain unoffected. See i-igure d- i . 
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64-bit AC 
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* ACS and AC7 are reserved for internal use, 



AC7 is used to contain the following status registers: 

1) FPC "Floating PC" - points to the word following the 
first word of the FPU instruction. 

2) FRA "Floating Return Address" - points to the 
next instruction to be executed. 

3) FINTV "Floating Interrupt Vector" - a io bit interrupt 

vector used by the FPU upon corapletion of the address 

ccrsputation part of an instruction, when (FIiSiTV)/=0. 
This is only used on the 11/05. and 11/20. 

4) FEC "Floating E^'tception Code" - A nurrber which identifies 
the cause of the interrupt. 



i 



FIGURE 3-1 Accumulator Layout 
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The FPU instruction se-c is' divided- in five formats as shovm in Figure 
3-2. Format Fl is used by the binary floating instructions. Format 
f2 is used by the unary floating instructions. Format ?3 xs used 
by the load axid store convert to and froiu Integer instructions. F*^^" _ 
mat F5 is used by some special instructions like Copy Floating Condition 
Code . 

The fields of the formats of Figure 3-2 are interpreted in the follow- 
ing way. 

OC "Operation Code" 

The OC field of all FPU instructions is 4 bits long 
and contains a "17". 

FOC "Floating Operation Code" 

This field of the format specifies the specific 
floating point operation. 

FSRC "Floating Source" ■ 

The floating source specifies the^ source operand of ^ 
the instruction. The interpretation of the addressing 
modes is as shown below: 

MODE INTERPRETATION 

AC^-AC5 contain the data. The "data" is considered 32 
or 64 bits depending on the mode of the FPU (i.e. Float- 
ing or Extended) . 

When AC6 or AC7 are specified^, an OP code error will 
be given unless the instruction is a STX instruction. 

1 Ri2f-R7 contain the address of the data. When R=R7 the 
data is considered to be only . 1 \vord long (i.e. 16 bits). 

2 R^-R7 contain the address of the data. After the 
data has he,en fetched Ri2f-R6 are incremented with 4 or 
8 depending on the mode of the FPU. When R=R7, the 
data is considered to be 1 word long and therefore, 
R7 will be incremented with 2. 

3 RJ2'-R7 contains the address of the address of the data. 
Ri?-R7 are incremented by 2. 

4 Rj^-R6 are decremented by 4 or 8, depending on the FPU 
mode. After that they contain the address of the data. 
When R=r7, R7 is decremented by 2 and contains the 
address of a 1 word data item. 

-13- 
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Fl 15 12 11 8 7 6; 5 ■ 

; 17 \ I 1 

OC FOC AC FSRC 

FDST 



F2 15 12 11 65 

J 17 i 1 \ 

OC FOC FDST 



F3 _15 12 11 ,87 65 

\ 17 ^ ! " ^ ^ 

OC FOC AC SRC 

DST 

F4 _15 12 11 6 5 :_ 

17 1 \ 

OC FOC SRC 

DST 



F5 __15 12 11 g 

; 17 \ \ \ 

OC FOC 



FIGURE 3-2. FPU INSTRUCTION FORMATS 
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MODI 

5 



■0-Tij are decreraaxitcid.by 2. After that they contain the 
address of tha address of the data. 



6 



FDST 



The address o£ the data is determined by the regular 

index computation . 

The address of the data is determined by the regular 
deferred index computation. 

"Floating Destination" 

Tfce interpretation of this field is identical to that 

„-t ,a .'U.**,^ ^-a, t;, »-j (•>'? •* 'tf* J"5 .■"'! 



AC "Accumulator" 

This is a 2 bit field specifying AC^'-AC3. 



SRC 



DST 



"Source" 

Regular ?DP-11 source field. 

"Destination" 

Regular PDP-11 destination field. 
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TI-IE FPU'S DATA FORMATS 



The FPU handles two types of floating point data: Floating "F 
which is 32 bits long, and Ex-cended "E" which is 64 bits long. 
Both formats assume normalised numbers only. The fraction is 
represexited in sign-magnitude notation with the binary radix 
point to the left. The most significant bit of the fraction 
is not stored because it is redundant. This bit is always a 
1 except when the exponent is 0, then the number is declared 
to be zero. The F and E format are shown in Figure 3-3 below. 



WORD N 



WORD N+2 



F Format 31 30 23 22 



EXP 



FRA 



15 



CTION 



8 



E Format WORD N 

63 62 55 54 



23 

WORD N+2 



WORD N+4 



48 47 



12 31 



16 



WORD N+6 

15 , 




S=Sign of fraction 

EXP=8 bit exponent, in excess 200^ notation* radix =2 

FRACTION=23 or 55 bit fraction in sign-magnitude notation, radix point 
to the left 

FIGURE 3-3 Floating Point Data Format 



4 THS ?PU'S IMSTRUCT 

Appendix A lists ths complate FPU instruction set^, a description 
of v/hicli is given be lovj'.. Appendix B lists sorae maxiirraru and rr.iriiiiiuirt 

execution times . 
4.1 THS FPU PROGRAM STATUS REGISTER 

The FPU's program status register in shown in Figure 4-1. It 
has four mode bits: 

1) FT, the FPU's Truncate Mode Bit. This bit, when 
set, causes the result of any floating point operation 

to be truncatad rather than rounded- 

2) FD^ the FPU's Double Precision Integer Mode Sit. 
This bit is active in conversion between integer and 
floating point format. When on, the integer format 
assumed is double precision 2's cozuplament (i.e. 32 
bits). When off, the integer format that is assumed 
is single precision 2' complement (i.e. 15 bits). 

3) PE, the FPU's Extended Precision Mode Bit. This 
bit determines the precision that is used for floating 
point calculations. V&en set, extended precision is 
assumed - when reset, normal precision is used. 

4) FMiM, the FPU's Maintenance Mode Bit. The FMM 
enables special maintenance logic. The exact nature 
of this logic will be detailed in a later memo. 

Along with the four mode bits, the status register contains 
four condition codes, FC, FV, FZ and FN. These are loaded 
into the CPU's C, V, Z, and N condition codes by the Copy 

Floating Condition Codes instruction. 

The way in which each instruction affects the floating condition 
codes is detailed in the instruction definitions. The FC condi- 
tion code bit has two meanings: 

1) For the STCXJ instruction, which converts a floating 
point number to an integer, the FC bit is set if the 

resulting integer is too large to be stored in the 
specified register. 

2) In all other cases, the FC bit indicates that the 
absolute value of the floating point result was larger 
than the largest integer that can be represented in 

M bits, where M is the width of the fraction. In the 
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THE FPU PROGRAM STATUS ' REGISTER . (continued) 
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ax'cendad mode, M = 55 bits and in floc-ting mode U = 
24. This allows sign-raagnitude integer arithmetic 
with 24 and 56 bits of precision, not including the 
sign bit,*- to be performed with the FPU. 

The FPU's Program Status Register also contains six interrupt 
enable bits. The FPU interrupt vector is at core location 240g, 



1) FIC FLOATING INTSRSHPT ON IHT5G5R COIvVSRSIGlg SRRGR 

When FIC is set, and the STCXJ instruction causes FC to be set, 
a trap will occur. If the interrupt occurs, the instruction 
is aborted leaving the contents of all the registers untouched, 

2) FIV FLOATING INTERRUPT ON OVERFLOW 

VTner^ this bit is setj, 'floating overflows will cause an interrupt. 
The result of the operation causing the interrupt will be correct 
except for the exponent which will be off by 400 (octal) . If 
the bit is off, the result of the operation will be the same 
as detailed above aiid no interrupt will occur. 

3) FIU FLOATING INTERRUPT ON UNDERFLOW 

When this bit is on, floating underflow will cause an interrupt. 
The result of the operation, causing the interrupt, will be 
correct except for the exponent which will be off by 400 (octal) . 
If the bit is Off and underflow occurs, the result will be set 
to zero. 

4) FIOR FLOATING INTERRUPT ON OUT OF RANGE 

When this bit is on^ and the FC bit is set because the result 
is out of integer range ^ an interrupt occurs. Oux: of integer 
range means that the absolute vali:^e of the result is greater 
than or equal to 2^-^ where XL=24 if floating mode, or 56 if 
extended mode. 

,5) FIUV FLOATING INTERRUPT ON UNDEFINED 

When this bit is on and a -0 is obtained from memory, an 
interrupt will occur. When this bit is off -0 can be loaded 
and used in any arithmetic operation. The result of such 
operation is undefined. 

-17- 
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6) FICD FLOATIIsFG TSTBKSXJ^T OSI CPU DISMISSBS 

The FICD bit, when on, will cause' an interrupt to occur when 
the address computation perforiaed by the 11/20 and 11/05 is 
done. On the 11/40 this bit will be ignored. For a complete 
description of the use of thi'g enable, see Section 2.1.4. 

7) FIE FLOATING INTERRUPT ENABLE 

All interrupts by the FPU are disabled when this bit is off. 



BIT 

FC /"Floating Carry 

1 FV ; Floating Overflow 

2 FZ ; Floating Zero 

3 FN ? Floating Negative 

4 FMM ? Floating Maintenance Mode 

5 FT ; Floating Truncate Mode 

D FD ? Floating Double Precision Mode 

7 FE /"Floating Extended Mode 

8 FIG ? Floating Interrupt on Conversion Error 

9 FIV ; Floating Interrupt on Overflow Error 

10 PIU ; Floating interrupt on Underflow Error 

11 FIOR /"Floating Interrupt on Out of Range Error 

12 FIUV ,° Floating Interrupt on Undefined Variable 

13 FICD ; Floating Interrupt on CPU Dismissed 

14 FIE /-Floating interrupt Enable 

15 RUN /-FPU's Run Status 



FIGURE 4-1. Layout of FPU Program Status Register 
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INSTRUCTION: 


Set Fioating Mode 


MNElviONIC: " 


SET F. 


OPERATION: 


, FE(r—0 


FORMAT': 





•i- 



7 1 



I .-v 



1 1 



INSTRUCTION: 

MNEMONIC: 

OPERATION: 

FORMAT: 



Set Extended Mode 

SETE 

FE^ — 1 



! 7 i ! LO i 



INSTRUCTION: 

MNEMONIC: 

OPERATION': 



FORi'IAT : 



Integer ize Float ing'/Extended 

INTX FSRC 

AC4 .-^t™ J (FSRC) ? ACS 4- (FSRC) - I; (FSRC) 

FC<--ri if i fSRC| -^ 2^^ else FC^.^j^'* 

FZ4-.1 if (FSRC) =0 else FZ^0 
PN<— i if (FSRC)< else FN<iJ— ^ 



1 7 i 3 [ FSRC! 



J (FSRC) is the integer part of (FSRC) i.e. (FSRC) is 

fixed and then floated. Note that the integer^^-^ 'o^taineG 

by truncation i.e. 5.9 becoxries 5. If jFSRCj ^2 ■", J (FSRC) =(FSRC) 

Note that the fractional part of (FSRC) is stored in ACS. 



INSTRUCTION: 

MNEMONIC: 
OPERATION: 



Clear Floating/Extended 

CLR3C FDST 

FDST^i^ 

FC^O 

FVf- 

FZv-1 

FNf-0 



FOiy^AT: 



117 i O'j 4 iFDSTi 



* XL = 24 if FE mode = It 
= 56 if FE mode =1 



-^u- 



f. .■ 



INSTRUCTION: 

MNEMONIC: 

OPERATION: 



FORMAT : 



Negate Floating/Extended 

NEGX FDST 

FDST^-- (FDST) 

FQj— 1 if 1 (FDST) I ? 2^'^-^ else FC<-0* 

FZ^l i| (FDST)-i^ else FZ<^;2f 
FN<:-1 i£ (FDST) < ji/ else FN<— J2^ 



1 70 5 IFDS 
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INSTRUCTION: 

MNEMONIC: 

OPERATION: 



FORMAT : 



Make Absoiuta Floating/Extended 

ABSX FDST 

FDST,?- - (FDST) if (FSST) < else FDSTf-(FDST) 

FC<-1 if [(FDST)i^2^ ^^sa FC^i^* 

FV^O 

FZf-1 if (FDST) =0 else FZ<-iS' 

FN^0 



il i 7 5 



FDSTi 



INSTRUCTION: 

MNEMONIC: 

OPERATION: 



FORMAT : 



Test Floating/Esrtended 
TSTX FDST 
rDS!r«— (FDST) 

FC^i if j (FDST) 12.2^^ else FC^i- 0* 

FVf-0 

FZf-1 if (FDST)=^' else FZ^ii^ 

PNf-1 if (FDSTXO else FN<-0 



117 10 7 jFDSTI 



INSTRUCTION: 

MNEMONIC: 

OPERATION: 



FORMAT: 



Load Floating/Extended 

LDX FSRC^AC 

ACf_(FSRC) , 

FC<-1 if j(FSRC)}2:2^^ else FC«-0* 

FVf-0 

FZ^-J. if (FSRC)=j^ else FZf-^ 

FN«-1 if (FSRC)<0 else FN\— 12^ 



AC I FSRC! 



*XL=24 if FE mode =1 
56 if FE mode=l 
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INSTRUCTION: 

MNEMOIsriC: 

OPERATION: 



FORMAT: 



Stors Floating/Extended 

STX AC, FDST ' 

FDST<^(AC) 

FC<— FG 

FVf-PV 

PZf-FZ 

FJSi^-FN 



1 i 7 i 1 !4-fAC i FDST ( 
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INSTRUCTION: 

FMEMONIC : 
OPERATION : 



FORMAT : 

INSTRUCTION: 
iyiNEMONIC : 
OPERATION: 



FORMAT ; 



0329 



Add Fioatiiig/Extended 



PDDX FSRC, AC 



AC(i — (AC) 4- (FSRC) if |(AC) .+ (FSROJtIXLL OR FIU=1 



•else AC^0** 



,XL 



FCf-1 if j (AC) 1^2 else FCf— 0* 

FV<— 1 if I (AC)! '/ XUL else FVf— 0*** 

FZf-1 if (AC) =0 else FZ ^<_ 

FN<-1 if (AC)< else FN.^1 



! 1 i 7 



Subtract Floating/Extended 



SUBX FSRC, AC 



^ ! 



AC44-(AC) - (FSRC) if | (AC) 

else AC*f-0** ^ 
FC^l if I (AC) IZ' 2 else PC f-0* 
FVf-1 if *1{m:)1 rXUL else fv^— 0*** 
FZ^l if (AC)=0 else FZf-0 
FN<-1 if (AC)<0 else ^N<— 1 



(FSRC)j Z- XLL OR FIU=1 



a 

s— 



2 i 4+AC i FSRC i 



* XL = 24 if FE=0 
= 56 if PE=1 
**XLL = smallest nximber that is not identically zero 



=2 



-128 



***XUL = largest number tliat can be represented 
=2l27*(^,2-^--l) 
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INSTRUCTION': 
MNEMONIC : 
OPERATION: 



FORMAT : 

INSTRUCTION: 
■'MNEMONIC: 
OPERATION: 



FORMAT ; 



Multiply: Float ing/Sxteaded 



M'ULX.FSRC, AC 



0330 



AC.^(AC)*(?SkC) 'if i(AC)*(FSRC) j^XLL OR FlU^i 

else AC«r— 0** 
FC^l if I (AC) j::?2 else FC<— 0* 
PV^— 1 if |(AC)i rXUL else FVf-0*** 
FZ^l if (AC) =0 else FZ<— 
FN^l if (AC)<0 else FN f- 



X s 



7 



AC 



£OiN.v- 



Divide Floating/Excerxded 

DIVX FSRCAC 

Case 1 (PSRC) ^ 
t ACf-(AC)/(PSRCl if I {AC)/(FSRC)| '^XLL OR FIU=1 
else AQJ— 0'** 
FC<— 1 if i(AC)! Z- 2 else FC ^— 0* 
FVf-1 if j(AC)|7'X'aL else ?V — 0*** 
FZ^l if (AC)=0 else FZ4-0 
FN<— 1 if (AC)<0 else FNf-0 
Case 2 (FSRC) = 
ACf-(AC) 
FCf-(Fci 
FVf-(FV) 
FZr-(FZ) 
FN<— (FN) 



4-rA( 



FSRC 
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INSTRUCTION ; 



MNEMONIC 



Reverse Subtract Floating /Ext ended 



RSUBX ? SRC, AC 



0331 



OPERATIOI 



(FSRC)-(aC) if ,;5 (FSRCD-CAC) :| ■:; 

FIu=x else .i-i.C«;— ^^ 
FC^^ — 1 if [ (AC) i' /ll^-^''^ else FC^0* 
FV^^ — 1 if j (AC) I rXUL else FV<;-0*** 
FZ ^ — 1 if (AC)=0 else FZf-jZ) 



FORMAT: 



INSTRUCTION: 



MNEMONIC : 



AC Ifsrc 



Compare Floating/Extended 
CMPX AC, FDST 



OPERATION: 



.XL 



AC 4— (AC) 

FCf— I'if. .[ (AC) I -^2^^ else FC ■«— i2»* 

FV ^ — 1 if I (AC) I y XGL else FVf-jZ'*** 

FZ «— 1 if (AC)==0 else FZ •*?— 

FN ^f— 1 if (AC)<.0 else FN^— 



FORMAT: 



! 7 



4 j 4+AC|fDST I 



* XL = 24 if FE=0 
= 56 if FE=1 

**XLL = smallest number that is not identically zero 
^ 2 -128 

***XUL = largest nximber that can be represented 
= 2^27 ,^_2-XL-x 
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INSTRUCTION: 



MNEMONIC : 



OPERATION: 



0332 



Reverse Divide Flociting /Ext ended 

RDIVX PSRC,AC 

Case 1 {AC)=0 

AC f-_(PSRC)/(AC) if j (FSRC) / (AC)| g^ XLL OR 



PIV=1 else AC.^ 



.Xj 



else PC 



FC4— 1 if f (AC) 1-^2" else PCf— 0* 
FV< — 1 if i (AC) j 7 XUL else FV,^ — 0*** 



FZf — 1 if (AC) = else FZ<^0' 
FN^^ — 1 if (AC) <0 else FN<^^ — 

Case 2 (AC)=0 

AC<: — (AC) 
FC <? — (PC) 
FV 4 — (PV) 
FZ <r—{FZ) 

FEf — (FN) 



M 



FORiMAT : 

INSTRUCTION: 

MNEx^ONIC : 
OPERATION: 



AC : PSRC 



Load &. convert from Extended Floating to 
Floating/Extended 

LDCYX FSRC, AC 

AC^ Cyx(FSRC) if i(FSRC) \ 7^. XLL or FIU5I else AC^jZi** 
FC^_l*if i(AC)i 7 2^^ eise FCf — 0* 
FV<i— 1 If l(AC)j :^XUL else PV-f— 0*** 
?2 <r- 1 if (AC)=0 else FZ^f^0 
FN '^r— 1 if (AC)<0 else FNv--0 



FORMAT : 



4+AC I FSRC 



* XL = 24 if FE=0 
= 56 if FESl 

**XLL = smallest nvimber that is not identically zero 
= 2 -i28 



***XUL = largest mamber that can be represented 
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cyx(fsrc) 



defined as 



■FSRC) converted froia Y mode (Y=-X) to 



source is 



the current mode, i.e. Floating or Bxrenaed. v: _ . ^ ^ve 
^ss-amed to be opposite to the current "...ode. ^P^^^^^^^J^^?: > .!f 



0333 



current mode xs t 



and the 



I??- bi 



loaded into AC ^SIjO/ . Ij 



the FT 



set, then FSRC •(63:32/' are 
.3: uii« ^^ bit ia aero, the result is .rounded ^^ 

^ , s " ,- • j-v-..;- Tpor-r ''■^'i-OV is unaffected^ If the current 

^^^^isT l^'i^-Sar-; i;a;;rf^:i'?^C^(31:0> and AC <31:0> are 
c?S:reS.''stSiiariy!^CxY (FSRC) converts (FSRC) ^^^^^^^^ 
truncating or rounding (FT=1 or when X=E or loaaxng craxixng zeros 

if X=F. ■ 



INSTRUCTION 



Store & Convert from Floating/Extended to 
Extended/Floating 



MNEMONIC : 



OPERATION: 



STCXY AC, FDST 



|C5cy('^C) I ^XLL or FIU=1 



FDSTV- CXY (^C) ^^^ 

else FDST^— 0** ^^v 

FC-f-1 if I (AC) 1 T: a"""" else FC4-0* 

FV<— 1 if I (AC) 1 y XUL else FVf-0*** 

?Zf 1 if (AC)=0 else FZf-0 

FN< — 1 if (AC)< else FN4~0 



FORI^iAT 



a 



b 



^^ JPDST I 



* XL = 24 if FE 
= 56 if FE 




1 

umber that is not identically zero 



**XLL = smallest nur 

***XUL = la^-gest number that can be represented 
= 2^^^ (1-2"^^"-^) 
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INSTRUCTION: Load & Sonvert Integer/Dcxible to Floating/Extended -1^ 

MNEMONIC: LDCJX SRC, AC 

OPERATION: AC ^: — C^^^ (SRC^i , ^^^ 

FC <e-i if I Cjx (SRC) [ Z-^ ®ls® ^C< — ^** 

FV «~0 

FZf-ll if (AC)=0 else FZ< — 

FN <— 1 if (AC)<'0 else PNf-0 .., 

FORMAT : ' - 



1 ! 7 6 I 4 +AC 1 SRC 



Cjx(SRC) specifies a conversion from an integer with precision specified 
by J to a floating point nuiober with precision specified by X, i.e. if 
J=I and X=? the source is assiHued to be a 16-bit 2's coKiplement integer 
which is converted to a sign magnitude floating point number with a 
24 bit fraction. In the case of Cdf (SRC), the fraction is truncated, 
i.e, only the highest 24 significant digits are used. 

INSTRUCTION: Store Converted from Floating/Extended to Integer/Double 

MNEMONIC : STCXJ AC , DST 

OPERATION: DST " ..»«v .,^ ., ./ ^ -.^x j ^ 



T^ ^^Gj>j(ACLif -Z iC^jjl^C)±2 -1 else DSTf_(DST) * 

^1—1 if -2'^^>Cxj(AC) >2'^''-l else FC^0 * 



FORMAT : 



FC^— J. xi -& '^*-XJ 

FV^^ — 

FZ^f—i if (DST) =0 else FZ4-0 

FN<^1 if (DST) <■ else FN<-0 



1 1 f 7 17 I AC DST I 

I J 1 L___ i i 



*JL=15 if FD mode = 
=31 if FD mode = 1 



**XL=24 if FE=0 
=56 if FS=1 
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INSTRUCTIOiM: 
MS'SMONIC : 
OPERATION: 
FORMAT : 

INSTRUCTION: 

MS-EMONIC : 
OPERATION: 
FORMAT : 

INSTRUCTION: 
MNEMONIC : 
OPERATION: 
FORMAT : 



Load FPU's Program Status 
LDFPS SRC 
FPS.<^ — (SRC) 



4 



SRC 



Store FPU's Program Status 



STFPS DST 



DST^(F?S) 



DST 



Store FPU's Exception Code 

STFEC DST 

DST^(FEC)*2 



0335 ) 



i 1 17 17(6 



DST -• 
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INSTRUCTION: 



MNEMONIC : 



OPERATION: 



FORMAT : 



LOAD .MJiintenance Counter 



0336 



Uuiya^ 



EC 4 — (R0) 



7- I I ^ I 1 I 



^r-he ROM cycle counter (RCC) decrements each ROM cycle. ^ In maintenance 
mode the next ROM word will not be fetched if the RCC-0. 



INSTRUCTION : 
MNEiViONIC : 
OPERATION: 
FORMAT: 

INSTRUCTION: 
MNEMONIC : 
OPERATION: 
FORMAT : 



Store A register xn ACj-S 

STA0 

M:0i — (AR) . , 



7 I 



i3 



Store B register in kC0 



STB.jfi 



ACi2)'f— (BR) 



! 7 











1 
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INSTRUCTION 
MNEMONIC : 
OPERATION: 

FORMAT : 



033V 



store Q register in KC0 



STQ0 



BR'«5i — -(QR) 
AC^<:— .(BR) 



jS 
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00 
CO 
CO 

o 



IMSTRUtrri 


,QM 


MMQNIC 


Copy FJ.oa 


ting 




Condition 


Codes 


CFCC 


Sot Float; 


.iag Mods 


SETF 


Srtt Extended Mode 


SETB 


Load MJiintenanca 




Counter 




LD^IC 


Store AR 


Register 




in M.10 




STAi^ 


Store BR 


Register 




in i\C0 




STB^^ 


Stora QR 


Register 




AC0 




STQ0' 



Intagerize Floating/ 
Ext.ended 



Clear Floating/ 
Extended 



APPENDIX A 
SUMMARY OF FPU INSTRUCTION SET 

OP^JCQDE 

170000 
170001 
170002 

170010 

170011 

17G012 

170013 



INTX FSKC) 



CLRX FDST 



170300-l-pSRC 



170400 +FDST 



DESCRIPTION 

CC ^- FCC 
FE<— 
FE<-~1 

MC /™..(R0) 

AC^f-diR) 

AC^^L— (ER) 



BR •«-- (QR) 
AC(|^™(Br) 



AC4 <~.int6ger part 
of (FSRC) ; AC 5 -s«^ fractional 
part of (FSRC) 

FDST ^-0 



A(l) 



I 



df5 

CO 
CO 

o 



N-agate Flocicing/ 
Extended 

Make ?vboolute 

F I.e. a tlng/Eji headed 

Tast Floating/ 

Extended 

Load j'floating/ 

Extended 

Stc^ra Floating/ 
Extended 

Add Floating/ 

Extended 

Sub tr a ct Flo at ing/ 
j^xtanded 

^^Multiply Floating/ 
Hxtarxded 

D i / ide F loa t ing/ 
E:-<tsnded 

Reverse Subi-ract 
Floating/Extendad 

Compare Floating/ 
.Extended 



MNEMONIC 
NEGX FDST 
ABSX FDST 
TSi:'^ FDST 

jjjk fsrc/ac 
stx ac, fdst 
addx fsrcac 
subx fsrc,ac 
mut;k fsrc,ac 

DIVX FSRC,AC 
RSUBX FSRC,AC 
CMPX AC,E13ST 



APPENDIX A (continued) 



OP CODE 



170500+FDST 



170600 +FDST 



170700+FDST 



171000-!-AC*100+FSRC 



171400+AC*100+FDST 



17 2000 txAC* lOO+FSRQ. 



172300tAC*100+FSRC 



17 3000+AC*100+FSRC 



17 3400 tAC*100+FSRC 



174000 +AC-- 100 +PSRC 



174400tAC*100+FSRC 



DESCRIPTION 



FDST f--(FDST) 



FDST < |{FDST)| 



FCCf-condition of (FDST) 



AC <— (PSRC) 



FDST,<-— AC 



AC <— (AC)+{FSRC) 



AC <— (AC)~(FSRC) 



AC f~(AC)*(FSRC) 



?\C^--(AC)/(FSRC) 



AC ^— (FSRC)-(AC) 



FCCf— condition of 
(FDST) ~ (AC) 



(2) 



O 



APPENDIX A (continued) 



IN.STRUCTION 



MNEMONIC 



OP CODE 



DESCRIPTION 



Rover s G D iv ida 
Floating/Extended 

Load & Convert from 
Extonded/Floating to 
Floating/i^xtended 

S':oro 5e Convert from 
Flc.-i»:.lng/Ex^ended to 
Sxtended/Floatiiig 



RDI\/X FSRC,AC 



LDCyX FSRCAC 



STCXX ACEDST 



Lead & Convert Integer/ 

Double to Flfjating/ 

Extended LOCJX SRC, AC 

Store & Convert Floating/ 

EKtouded t:o Integer/ 

Doufola STf::XJ AC,DST 



175000+AC*100+FSRC 



1 7 5400 +AC* 100 -1-FSRC 



176000+AC*100+FDST 



1 '7 6 40 i-AC * 10 -!-S RC 



17 7 000 +AC^^ 100 +S,RC 



AC ^-— (FSRC)/(AC) 



AC f~ converted (FSRC) 



FDST < — converted (AC) 



AC f—convertad (SRC) 



DST<--- con verted (AC) 



Load FPU ' s Program 

Status 



IDFPS SRC 



177400+SRC 



FPS<— (SRC) 



fjtora FPU's Program 

Status 



STEPS DST 



177500+DST 



DST <-.-FPS 



Store FPU's incaption 

Coda STFEC DST 



177600+DST 



dST <■— (FEC)*2 



A 



(3) 
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FLOATING POUNfT SXSCIJTICN TIMES 



An initial analysis of our floating point algorithms resulted 
in the execution times of the table below. 'These times apply 
to AC to AC operations. 

The following approximation can be used to find the execution 
time for memory referencing operations: Take time of table 

belov/ and acid to it {0„25^?aGec -i- xaercioxy access/cycle tiiae) * 
n-Oitiber of memory references. This time has to be corrected 
further for possible memory cycles for the address computation 
(e.g. add 1 memory access time for mode 6 "A(R)"). 

FLOATING ■ POINT EXBCUTION TIMBS FOR AC-AC OPERATIONS 



INSTRUCTION 



BXBCUTION TIME INX^SBC 



ADDX 
SUBX 

MULX 
DIVX 



SINGLE PRECISION 



3XTENDEP PRECISION 



MIN.. 


MKK, 


I MIN, 


MAX. 


1.8 


3.5 


5 

2.4 


5.1 


1.8 


3.5 


j 2.4 


5.1 


2.7 


5.5 


1 4.8 


10.0 



3.0 



o , 



5.0 



.2.0 



B (1) 



